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THE USE OF CASEIN PEPTIDES FOR TREATING HYPERTENSION^ 

The present invention relates to the use of one or 
more peptides of bovine Os 2 casein with inhibiting 
activity on angiotensin I converting enzyme in the 
preparation of medicines, food products, and food 
supplements having antihypertensive type activity. 

BACKGROUND OF THE INVENTION 
Whole casein is a set of milk proteins that have 
been studied in depth, e.g. by Grosclaude (1), Swaisgood 
(2), and Grappin and Ribadeau-Dumas (3). Chromatography 
on diethylaminoethyl-cellulose (DEAE-cellulose) makes it 
possible to separate out from whole casein the following 
caseins: y, K, (3, cXsi and Os 2 . The amino acid sequences 
for caseins are well known [Eigel et al . (4), Holt and 
Sawyer (5)]; in particular the sequence for a S2 casein has 
been determined by Brignon et al . (6) and Stewart et al . 
(7) . 

It is already known that certain peptide fragments 
of these various caseins have a variety of biological 
activities [Clare and Swaisgood (8), Meisel (9)]. 
Concerning a S2 casein, the peptides CN(X S2 - { f 165 -203 ) 
[Zucht et al. (10)], CN0C S2 - (f 183-107) , and CNCX S2 -(fl64- 
179) [Recio and Visser (11)] presents antibacterial 
activity and the peptides CNa S2 - (f 189-193 ) , CNa S2 - (fl90- 
197), and CN(X S2 - (f 198-202) inhibit angiotensin I 
converting enzyme [Corvol et al . (12)] with values for 
IC 50/ i.e. the quantity of peptide needed for inhibiting 
50% of the enzyme activity, equal to 580 \iM, 300 uM, and 
400 ]iM respectively [Maneo et al . (13)]. Nevertheless, 
those peptides do not present any significant 
antihypertensive effect in vivo in lines of rats that are 
spontaneously hypertensive, 6 hours after oral 
administration of a 1 milligram (mg) dose of synthesized 
peptide per kilogram (kg)- of rat [Maneo et al . (13)] . 

Angiotensin I converting enzyme, referred to below 
as ACE, has a key role in vivo in regulating arterial 
pressure [Weber (14)]. ACE inhibitors (captoproil, 



benazepril, enalapril, lisinopril ...) [Pipeho (15)] are 
one of the main classes of molecules used for combating 
hypertension. They are particularly appropriate for 
diabetic patients and for heart or kidney failure [WHO 
(16) , J.N.C. (17) ] . 

According to the Applicant, it is important to make 
ACE inhibitors available that present IC 50 values that are 
well below those of the three above-mentioned peptides of 
Os2 casein. Values are taken as being "well below" when 
they are of the order of or less than 60 \iM, it 
nevertheless being understood that a certain amount of 
inaccuracy remains concerning the value that is obtained 
as a function of operational conditions, so it is 
appropriate to refer to the conditions described below 
when determining said value. 

The Applicant has found in in vitro tests that 
certain peptides of oc S2 casein present inhibiting activity 
on ACE that has not previously been mentioned, with 
values of the order of less than 60 joM. These peptides 
are the following five peptides which can be obtained by 
trypsic hydrolysis of cts 2 casein, namely: CN<x S2 - (f 25-32 ) , 
CNCCS2- (f 92-98) , CNa S2 - (f 174-179) , CN0t S2 - ( f 174 - 181 ) , CN0C S2 - 
(fl82-184) , and two other peptides obtained by chemical 
synthesis, namely CN<x S2 - (f25-30) and CNots 2 - (f 174 -177) . 

OBJECTS AND SUMMARY OF THE INVENTION 
The present invention thus provides the use, in the 
preparation of medicines of the medicines having activity 
of the antihypertensive type, useful for treating or 
preventing hypertension, of one or more peptides having 
inhibiting activity on ACE with IC 50 values of the order 
of or less than 60 millimolar (pM) , selected from the 
group of peptides having the following amino acid 
sequences : 

Thr-Val-Tyr, 
1 

Asn-Met-Ala-Ile-Asn-Pro-Ser-Lys, 
1 5 
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Phe-Ala-Leu-Pro-Gln-Tyr, 
1 5 
Phe-Pro-Gln-Tyr-Leu-Gln-Tyr, 
1 5 
5 Phe-Ala-Leu-Pro-Gln-Tyr-Leu-Lys, 
1 5 
Asn-Met-Ala-Ile-Asn-Pro, 
1 5 

Phe-Ala-Leu-Pro . 
10 i v 

The present invention also provides pharmaceutical 
compositions containing as an active ingredient an 
effective quantity of at least one of said peptides in 
combination with a pharmaceutical ly acceptable vehicle. 
15 The present invention also provides food products 

containing as an active principle at least one of said 
peptides, or else a total trypsic hydrolysate containing 
at least one of said peptides, or a fraction of said 
hydrolysate containing at least one of said peptides in 

2 0 combination with food supports, in particular proteins, 

lipids, or carbohydrates. Such food supplements can be 
suitable for supplementing the diets of people subject in 
particular to hypertension, or in order to prevent it 
appearing . 

25 In the group of peptides of the present invention: 

the peptide Thr- Val-Tyr , [TVY (SEQ ID No. 1)] of 

molecular weight 381.4, corresponds to the 182-184 

peptide of Os 2 casein; 

the peptide Asn-Met-Ala-Ile-Asn-Pro-Ser-Lys, 

3 0 [NMAINPSK (SEQ ID No . 2)] of molecular weight 847.0 

corresponds to the 25-32 peptide of Os 2 casein; 

the peptide Phe-Ala-Leu-Pro-Gln-Try , [FALPQY (SEQ ID 
No. 3)] of molecular weight 73 7.9 corresponds to the 174- 
179 peptide of oc S2 casein; 
35 the peptide Phe-Pro-Gln-Tyr-Leu-Gln-Tyr , [FPQYLQY 

(SEQ ID No. 4)] of molecular weight 958.1 corresponds to 
the 92-98 peptide of cts 2 casein; 



the peptide Phe-Ala-Leu-Pro-Gln-Tyr-Leu-Lys , 
[FALPQYLK (SEQ ID No. 5)] of molecular weight 979.2 
corresponds to the 174-181 peptide of <Xs 2 casein; 

the peptide Asn-Met-Ala-Ile-Asn-Pro, [NMAINP (SEQ IS 
No. 6)] of molecular weight 658.8 corresponds to the 25- 
30 peptide of ots 2 casein; 

the peptide Phe-Ala-Leu-Pro, [FALP (SEQ ID No. 7)] 
of molecular weight 446.6 corresponds to the 174-177 
peptide of 0Cs 2 casein. 

Some of these peptides can be obtained from a S2 
casein by enzymatic hydrolysis, preferably with the help 
of trypsin. They can then be concentrated or isolated by 
high performance liquid chromatography (HPLC) in reverse 
phase or using other chromatographic techniques (gel 
filtering, ion exchange, etc.), by centrifuging (on a 
membrane) , or using other membrane separation techniques 
(micro filtration, ultrafiltration, etc. ...) . 

These peptides can also be obtained by chemical 
synthesis using methods that are well known to the person 
skilled in the art, such as those described, for example, 
by Merrifield (18) . 

Whole casein is obtained from milk by acid 
precipitation and by neutralization using an alkali in 
methods that are well known. For example, it is 
preferable to use the method of Nitschmann and Lehmann 
(19) . 

a S2 casein used as a starting material for obtaining 
peptides in the group selected in the context of the 
present invention can be obtained by conventional methods 
well known to the person skilled in the art starting from 
milk, whole casein, caseinates, and total protein 
concentrates of milk, e.g. obtained using the method 
described by Thomson (20) and Maubois (21) . 

For example, it is possible to prepare a S2 casein by 
adapting the method described by Sanogo et al . (22) . 
That method is a method of fractioning on DEAE-cellulose 
using a discontinuous gradient of calcium chloride as the 



eluant. It enables all of the caseins to be fractioned 
quickly. It can advantageously be implemented using the 
DEAE-cellulose DE 23 [sold by Whatman, Maidstone, UK] , 
which is a dry resin, as the anion exchanger support. 
After this step, in order to eliminate all traces of 
other proteins, an additional step of hydrophobic 
interaction chromatography may be performed applying a 
decreasing gradient of sodium phosphate to the TSKgel 
phenyl 5PW column [TosoHaas, Stuttgart, Germany] . 

The total trypsic hydrolysate of a S2 casein is 
obtained by the action of trypsin on Os 2 casein, e.g. 
under the conditions described below. 

The first, second, third, fourth, and fifth peptides 
[SEQ ID No.: 1, 2, 3, 4, 5] of the group selected in the 
context of the present invention are purified directly 
from the total trypsic hydrolysate by reverse phase HPLC 
using a gradient of acetonitrile . Each of the collected 
peptide peaks corresponding to these five peptides are 
lyophylized. 

Each of these five peptides, alone or in a mixture, 
or a fraction of the total trypsic hydrolysate containing 
at least one of these five peptides, or the total trypsic 
hydrolysate containing all five peptides, can be used as 
an active principle either in food supplements in 
combination with food supports (e.g. proteins, lipids, or 
carbohydrates) , or in food products for a particular 
diet . 

The medicines useful in treating hypertension 
prepared using at least one of the seven peptides of the 
group selected in the context of the present invention 
can be administered orally. 

For oral administration, pharmaceutical compositions 
need to be in the form of pills, capsules, powders, 
granules, or any other form suitable for oral 
administration . 



DETAILED DESCRIPTION OF THE INVENTION 
The invention is described below in greater detail 
by way of the following non-limiting example: 

A - Preparing ots 2 casein 

Five grams (g) of ammonium caseinate were dissolved 
in 200 milliliters (mL) of 20 mM acetate buffer having a 
pH of 6.6, and containing 3 . 5 M of urea, 3 5 mM of 
ethylenediaminetetraacetic acid (EDTA) , and 0.1% of 
2 -mercaptoethanol, and then 20 g of DEAE-cellulose DE 23 
balanced in 150 mL of the same buffer were added. The 
resulting mixture was stirred for 15 minutes (min) at 
-25°C and then filtered on a No. 41 filter [Whatman] . The 
retentate was eluted with twice 250 mL of acetate-urea- 
EDTA buffer in 2 -mercaptoethanol . The three filtrates 
were grouped together. This first stirring-filtering 
cycle served to eliminate a fraction F0 . The following 
casein fractions (Fl and F2) were eluted using the same 
procedure, adding 3 0 mM and 70 mM of CaCl 2 respectively to 
the buffer. EDTA was added to the fractions in amounts 
of 15 mM to the fraction Fl, 45 mM to the fraction Fl , 
and 85 mM to the fraction F2 . The filtrates F0, Fl , and 
F2, were dialyzed against ultrapure water and then 
lyophylized, after which they were subjected to 
electrophoresis using a polyacrylamide-urea gel in order 
to reveal the fractioning. The fraction Fl contained oc S2 
casein . 

The purification of the a S2 casein was finished off 
by hydrophobic interaction chromatography on a TSKgel 
phenyl 5PW column [TosoHaas, Stuttgart, Germany] having 
dimensions of 150 millimeters (mm) x 32.5 mm. The 
fraction Fl (1 milligram per milliliter (mg.mL -1 )) was put 
into solution in a 0.48 M sodium phosphate buffer at pH 
6.4, containing 2 . 5 M of urea and in the presence of 0.1% 
2 -mercaptoethanol , and then filtered on a 0.45 micrometer 
(urn) PVDF filter [Pall Corporation, Ann Arbor, Michigan, 
United States] . Twenty mg of protein solution were 
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injected. A non- linear gradient going from 0.4 8 M to 
0.037 M of sodium phosphate heaving a pH of 6.4 and 
containing 2.5 M of urea was applied at a flow rate of 
6.0 milliliters per minute (mL.min" 1 ) as follows: from 
480 mM to 126 mM (18 rain), 126 mM (3 min) , from 126 mM to 
103 mM (3 min), 103 mM (3 min), from 103 mM to 72 mM 
(5 min), 72 mM (5 min), from 72 mM to 37 mM (4 min), 
37 mM (17 min) . The collected bovine Os 2 casein was 
dialyzed, lyophylized, and stored under a vacuum at +4°C. 



B - Preparing the trypsic hydrolysate of a S2 casein 

The a S2 casein was put into solution at a 
concentration of 0.05% (w/v) in 100 mL of 67 mM sodium 
phosphate buffer at a pH of 8 . 1 containing 0.02% sodium 

15 nitride. Bovine pancreatic trypsin (E.C. 3.4.21.4) 
immobilized on agarose beads and treated by TPCK 
(N-tosyl-L-phenylalanine chloromethylketone) [Sigman, 
Saint Louis, Missouri, United States] was added, after 
washing in the preceding buffer and filtering several 

2 0 times, to the cc S2 casein solution in order to obtain a 

concentration of 0 . 2 units of Na-benzoyl -L-arginine ethyl 
ester (BAEE) per mL. Hydrolysis took place at 37°C for 
24 hours. The reaction was stopped by diluting the 
mixture twice using 4% acetonitrile containing 0.2% 
25 trifluoroacetic acid (TFA) , and then filtering on a 
0.4 5 ym polyvinyl idene fluoride (PVDF) filter. The 
hydrolysate was conserved at -30 °C. 

C - Fractioning the hydrolysate by reverse-phase HPLC in 

30 a gradient of acetonitrile 

The hydrolysate was fractioned on a C18 XTerra™ 
column [Waters, Milford, Massachusetts, United States] 
having dimensions of 250 mm x 4 . 6 mm thermostated to 
37°C. 500 uL of sample (0.25 mg.mL" 1 ) were injected. The 

35 elution profile had an isocratic phase of 3 min at 1.6% 
acetonitrile in water (in the presence of 0.1% TFA) 
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followed by a linear gradient serving to reach 40% 
acetonitrile in 87 min at a rate of 1 mL-min" 1 . 

The peptide profile is shown in Figure 1 where the 
absorbance at 215 nanometers (nm) is plotted up the 
ordinate and elution time along the abscissa. 

Five of the seven peptides of the group selected in 
the context of the present invention correspond to the 
peptide peaks referenced 1 to 4 in Figure 1. These 
peptides were selected and lyophylized twice. They were 
identified by determining their amino acid composition by 
the Hamilton (23) ninhydrine method and by mass 
spectrometry coupled to the HPLC, ESI-LC/MS 
("electrospray source ionization"), or by MS/MS, mass 
spectrometry in tandem. 

The peak 1 collected at 25 min contains the peptide 
TVY (SEQ ID No. : 1) . 

The peak 2 collected at 29 min contains the peptide 
NMAINPSK (SEQ ID No. : 2) . 

The peak 3 collected at 57 min contains the peptide 
FALPQY ID No . : 3 ) . 

The peak 4 collected at 60 min contains the peptides 
FPQYLQY (SEQ ID No . 4) and FALPQYLK (SEQ ID No.: 5). 

The other two peptides, NMAINP (SEQ ID No. : 6) and 
FALP (SEQ ID No.: 7) can be obtained by chemical 
synthesis using conventional methods. The same applies 
to the five peptides that are preferably obtained by 
fractioning the total trypsic hydrolysate of Ca S2 casein. 

D - in vitro test of the peptides on the enzyme for the 
angiotensin I converting enzyme (ACE) 

The main experiment relies on measuring the residual 
activity of ACE on a synthesized substrate of Hippurhyl- 
His-Leu-OH in the presence of a potentially inhibiting 
peptide [Cushman and Cheung (24)]. The hippuric acid 
that was released was assayed by HPLC and its quantity 
compared with a reference having no inhibitor. 
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Incubation was performed in a 50 mM CHES buffer with 
a pH of 8.3 containing 5 mM of hippuryl -His-Leu-OH, 
350 mM of NaCl, 3.33 U.L' 1 ACE, and 5% ethanol . The 
mixture (final volume: 150 uL) , after 10 min of pre- 
5 incubation without the enzyme, was incubated for 60 min 
at 37°C. The reaction was stopped with captopril (5 uM) , 
EDTA (1 mM), and TFA (0.067%). The hippuric acid that, 
was released was quantified by HPLC using a CIS Symmetry® 
column [Waters, Milford, Massachusetts, United States] 
10 with dimensions of 150 mm x 2.1 mm and thermostated at 

37°C. The samples were filtered on a 0.45 urn PVDF filter 
and 4 0 U L were injected. An acetonitrile gradient in 
water (in the presence of 0.1% TFA) was applied at a rate 
of 0.25 mL.min- 1 . The elution gradient went from 13% to 
15 50% acetonitrile in 7 min, and then reached 99% in 

0.5 min, and was maintained at that value for 1.5 min. 

The method of determining the IC 50 was validated by 
comparing the value found for captopril (0.022 urn), a 
known ACE inhibitor, with biological values (0.023 urn 
20 [Cushman et al . (25)], 0.018 urn [Duncan et al . (26)], 
0.007 um [Pihlanto-Leppala et al . (27)]. 

The four chromatographic peaks (1 to 4) collected 
from the trypsic hydrolysate of a S2 casein and 
corresponding to the five peptides of the group selected 
2 5 in the context of the present invention were tested twice 
at a concentration of 50 uM of primary amines. The 
chromatographic peaks numbered 5 to 7 were tested under 
the same conditions. 

The results obtained are given in Figure 2 where the 
inhibition percentage is plotted up the ordinate and the 
chromatographic peak number along the abscissa. It can 
be seen that the peaks 1 to 4 containing the peptides of 
the group selected in the context of the present 
invention inhibits ACE at more than 4 0%, and of those 
peaks, peak No. 4 containing the peptides FPQYLQY (SEQ ID 
No. 4) and FALPQYLK (SEQ ID No. 5), peak No. 3 containing 
the peptide FALPQY (SEQ ID No. 3), and peak No. 1 
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containing the peptide TVY (SEQ ID No. 1) inhibit ACE at 
more than 7 0%. 

Synthetic peptides were used to determine the IC 50 
values of these five peptides precisely. The peptides 
were initially tested twice at concentrations lying in 
the range 0.1 pM and 250 uM to 500 uM in order to obtain 
an estimate of their IC 50 value, and then tested in 
triplicate on an appropriate range of concentrations. 

The results obtained are given by the graphs of 
Figure 3 where the logarithm of the activity/inhibition 
ratio is plotted up the ordinate and the logarithm of 
peptide concentration along the abscissa. This enables 
the inhibition curve to be liberalized and enables the 
IC 50 values to be deduced therefrom using straight line 
equations. The IC 50 values are summarized in Table 1. 

They are all of the order of or less than 60 \iM, it 
being observed that the peptides FALPQY (SEQ ID No . 3) 
and FALPQYLK (SEQ ID No . 5) have the best performance 
with an IC 50 value of 4.3 \iM. 

The seven peptides in the group selected in the 
context of the present invention have amino acid 
sequences that are different from those of the eight 
inhibitor peptides described in the past [Fitzgerald and 
Meisel (28), Yamamoto and Takano (29), Pihlanto-Leppala 
(30), Nurminen (31), Takano (32)], including those 
reported by Maeno et al . (13) obtained using a S2 casein: 
CNa S2 - (f 198-202) , CNa S2 - (f 190-197) , and CNa S2 - ( f 18 9 - 193 ) . 
As mentioned above, two peptides of the group selected in 
the context of the present invention, obtained by 
fractioning the trypsic hydrolysate of a S2 casein gave 
values of IC 50 of less than 5 ]xM, and two others gave 
values for IC 50 less than 20 \M, thereby classifying them 
amongst the most active inhibitors of ACE amongst natural 
peptides obtained by a mono-enzymatic process on milk 
proteins . 

The two peptides NMAINP (SEQ ID No. 6) and FALP (SEQ 
ID No. 7) which are not obtained directly by fractioning 



the trypsic hydrolysate of Os 2 casein are remarkable 
firstly in that they possess a prolyl residue at their 
C-terminal end, which is common with certain other ACE- 
inhibiting peptides [Maruyama, et al . (33), Kohmura et 
al. (34, 35, 36), Nakamura et al . (37)], and secondly in 
that their amino acid sequence is completely contained in 
the other two peptides NMAINPSK (SEQ ID No. 2) and FALPQY 
(SEQ ID No. 3) which are obtained directly by such 
fractioning. As a result, it is possible to envisage 
that the use of the second two peptides (SEQ ID Nos . 2 
and 3) as medicine, or as a food supplement, could lead 
to in vivo formation of the first two peptides (SEQ ID 
Nos. 6 and 7) by breaking the appropriate peptide bonds. 

It should be observed that using at least one of the 
seven peptides of the group selected in the context of 
the present invention for preparing medicines, food 
products, or food supplements may be performed in 
combination with one or more other peptides, having ACE- 
inhibiting activity but having an IC S0 value greater than 
60 uM. This would occur when implementing total trypsic 
hydrolysate of cc S2 casein or a fraction thereof containing 
at least one peptide of the group. Such a combination 
could be advantageous for in vivo inhibiting activity on 
ACE . 

This combination preferably makes use of the 
following peptides: 

(SEQ ID No. 8), CN0CS2- (f 81-91) , ALNEINQFYQK, Ala-Leu- 

Asn-Glu-Ile-Asn-Gln-Phe-Try-Gln-Lys, peak 5 eluted at 
52 min; 

(SEQ ID No. 9), CNOs2- (f 81-89) , ALNEINQFY, Ala-Leu- 
Asn-Glu-Ile-Asn-Gln-Phe-Tyr, peak 6 eluted at 59 min; 

(SEQ ID No. 10), CNa S2 - (f206-207) , YL, Tyr-Leu, peak 
7 eluted at 31 min; 

which may also be obtained by fractioning the trypsic 
hydrolysate of a S2 casein and which inhibits ACE in the 
range 25% to 35% at a concentration of 50 uM of primary 
amines (Figure 2) . 
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Table 1 



Inhibitor 


No. a 


Sequence 


ID 

No. b 


Inhibition 
(%) c 


IC 50 (UM) 


Captopril 








> 99.5 


0 . 022 


CNa S2 - (f 182-184) 


1 


TVY 


1 


70 .2 


15 


UJNlXs2 \TZo~ 6 Z ) 


Z 


NMAINPSK • 


2 


42 . 5 


60 


CNOs2- (f 174-179) 


3 


FALPQY 


3 


82 . 7 


4 . 3 


CNOs 2 - (f92-98) 


4 


FPQYLQY 


4 


86. 0 d 


14 


CNa S2 - (f 174-181) 


4 


FALPQYLK 


5 


86. 0 d 


4.3 


CNCCS2- (f81-91) 


5 


ALNE INQFYQK 


8 


27.2 


26.4 


CNOt S2 - (f 81-89) 1 


6 


ALNEINQFY 


9 


32 .2 


219 


CNa S2 - (f206-207) 


7 


YL 


10 


34.8 


nd ' 



a) Peak number in HPLC of Figure 1. 

b) Peptide sequence ID number. 

c) Determined with a primary amine or captopril 
concentration equal to 50 uM. 

d) CN(Xs2- (f 92-98) and CNoc S2 - (f 174-181) being mixed 
together in peak No. 4. 

nd) Not determined. 



